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Lecture Key points © 


e Regulation of urea cycle 


e The biochemical basis of 
hyperammonemia 


INTENDED LEARNING OBJECTIVES (ILO) ©) 


By the end of this lecture the student will be able to: 
1. Categorize different methods of urea cycle 
regulation 

2. Explain the biochemical basis of 
hyperammonemia 

3. Determine the biochemical basis of treatment of 


hyperammonemia 


New Five Year Program Neuroscience module 


Regulation of 


urea cycle 


Short term regulation of urea cycle 


At the level of Carbamoyl-P synthetase 
I (CPS I) 


N Acetyl Glutamate 
(activator of CPSI) 


New Five Year Prog 


Synthesis & regulation of N Acetyl Glutamate 


Glutamate + acetyl 
CoA 


Arginine + 


N Acetyl 
Glutamate 
Synthase 


N Acetyl 
Glutamate+CoASH 
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Long term regulation of urea 
cycle 


The enzyme levels change parallel 
with the protein content of diet. 


| By Protein -free diet 
- High protein diet 


- During starvation (increased 
protein catabolism) 
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Regulation of urea cycle (Quiz)O 


e Explain the regulation of urea cycle 


Fate of urea 


1) A small portion of blood urea can 
diffuse from the blood into the 
intestine, where it is cleaved by 
bacterial urease to CO2 and NH3. 
NH3 is partly reabsorbed again into 
the blood and partly goes to feces. 


2) Excreted by the kidney. 


Hyperammonemia: 
increased level of blood 
NH3 


Normal serum ammonia 
level: 


5-35 umoL/L 


1) Congenital hyperammonemia: 


It is due to deficiency of any 
enzyme of urea cycle 
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VUTIVNGPISUr RVOEUWCEH CalrNaintOUy!l VIIUSVIlate 
synthetase I and ornithine transcarbamoylase 
deficiencies 


Carbamoyl Phosphate Synthetase Omithine Transcarbamoylase 


T [NH,*]; hyperammonemia T [NH,*]; hyperammonemia 
Blood glutamine is increased Blood glutamine is increased 
BUN is decreased BUN is decreased 


Cerebral edema Cerebral edema 


Lethargy, convulsions, coma, death Lethargy, convulsions, coma, death 


Kaplan USMLE-1 Biochemistry and Medical 
Genetics 


> The two conditions can be distinguished by an increase in 
orotic acid and uracil, 

which occurs in ornithine transcarbamoylase deficiency, but 

not in the deficiency 

of carbamoyl phosphate synthetase. 


> Orotic acid and uracil are intermediates in pyrimidine 
synthesis. This pathway is stimulated by the accumulation 


RE AAR Krk amraisl! rn AeRrhaAtnR tha errhketkrata far AKnrISTR I An 


1) Liver cirrhosis 

2) Hepatitis 

3) Billary obstruction 
4) Alcoholism 
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The symptoms of 


hvnerammonemia 


Genera! Central 
- Growth retardation - Combativeness 
- Hypothermia - Lethargy 

- Coma 
Muscular/Neurologic Eyes 
- Poor coordination - Papilledema 


- Dysdiadochokinesia 


- Hypotonia or Pulmonary 


hypertonia - Shortness 
- Ataxia of breath 
- Tremor 
- Seizures 
- Decorticate or 3 
Liver 
decerebrate l 
osturin a e 
P g ment 


LLIN 
symptoms.png url=https%3A%2F%2Fteachmephysiology.com%2Fgastrointestinal-system%2Fliver%2Fmetabolic-functions-liver%2F&docid=d 


50IQqsx__1KM&tbnid=eS|IXGc2fSazrCM%3A&vet=12ahUKEwj2zovbxonkAhVD46QKHct9BRO4ZBAZKEUWRXoECAEQRw..i&w=652&h=599&hl=en- 
US&biIh=662&biw=1366&q=ammonia%2Otransport%20in%20human 
%20body&ved=2ahUKEwj2zovbxonkAhVD46QKHct9BRO4ZBAZKEUwRXoECAEQRwS&iact=mrc&uact=8 
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kan 


MP 


f 


1) Restriction of dietary protein 

2) Increase carbohydrate diet to avoid 
proteolysis of muscle proteins 

3) Decrease nitrogenous load from GIT: 

a) Antibiotics (e.g neomycin) to kill intestinal 
bacteria 

b) Enema to eliminate intestinal bacteria 
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MP 
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increase of 
l urease-deficient 
producti bacteria thus 


on of decreasing 
lactic ammonia 
acid RRd iP Phe pH 


(gut gradient which propels 
acidificat NH3 from blood to the 
Lactulo ion) lumen of the colon, 
while NH3 of the colon 
Increase Is converted into non- 
osmotic ahsorhahble NH4+ ian 


a cathartic, reducing 
ressur ’ 
i e Etonic baidal 


load — 


The role of Phenylacetate 
Phenylbutyrate is given orally and is 
converted to phenylacetate which condenses 


with glutamine 


Prenyibutyrate is a prodrug that is 
rapidhy comeerted to phenypiacetate, 
when combines with glutamine to 
form phenylacet yiolutamine. Thee 
Phenylacetyqiutamine. contakning Tri 
ato of nitrogen, ke esaoreted in the 

. thereby Assisting in chearance 
of nttroagenous waste. 


Pihenylac ety! ghutaensne 


= 


LOLA, Hepa-Merz) for the Sey 


* Hepa-Merz is a combination of the amino acids 
ornithine and aspartate. 


e L-ornithine stimulates the urea cycle, with 
resulting loss of ammonia. 


° Both L-ornithine and L-aspartate are 
Substrates for glutamate transaminase. 


New Five Year Program Neuroscience module 
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(Quiz) 


- 462.111) eS 

D eS 

A 2S eee old mean is broraht bar his son bo the emergency depearntment. The san reports his father as being 
Dann Sed, Serm Se, armad aa atea latab The pat erni alsa oasib Poros ts Things. The palani Nas a borQ-ferrr 
hi story Of abk ocholiiom.$He wef complaining OF Constipation in the prenions Sew eral ewe ce. In eamin ation , 
the paient i s found to bs lethargic and d son erted sath respect tos sace eared me. klenta status tsb rea 
Sos PTS reg Shorten meron and corceniraton. Sl ral asteri s and ico oro en ara aba OLNE 
The EEG patern is sight abramal. whi ch oF the Fobowsines is mecosel Ekeby irme in he pathophessicobcec c 
CHS charges in this pat ernt? 


D A Mm a 

B. Arnininosucctinabt& sym a= 
=. O rastinir= 

D. Lacoste 


E&E Sodium bens ate 
cao ES LAL oe 


980490 


The cerrect answerer ig A. Hepatic encephab alhs S a rew ersi moeShabol: ence phe ost est 
global GHS depression that pocus Ss a reSuh of fa bure of the lbesr to detbow he to re tha ese rom 
ine intesi ms. is characterized oy neo amic marni Ta stab ore, Toor ighe abered mental stands 
b> coma. Heurcmuscdes <sym may be present. oS) of ammon a is gens eead in bes ime stine 
Fam ingested nitrogeno SLE sban ges thet are broken doem ey bacteria urease and amina Scio 

Oe Chasers Tre rema ninaga GOS is denved Mom Oe metabgalism oT Seni and Ne Jeani neion and 
bansamninab on of bhs anmi no acids. Ammania l berab=d inthe i nbsstir= monmalhy is mesta b dir=] in 
the lisar hugh the he rerbs Hernrseleit cycle OF mes enesis inba urea, which is esacneted through the 
hi dme amd mno the cdon. Fornaio of cuter me from olitamate kbr ghibamine Seritietass im the lier 
and breinis artha meas of detomtiing anneni. Rhonmeal skeletal muscle aids inthe om =tab olism 
of ammon a in the comrereion OF gbana to gbirtamine . The muszle asing obferred in inhosi = 
Dal ens m&r PObernbabe hop eramnmeoenemia. Sooo a inhibits both eecibobor: and inhiba tory 

Posts nae poertials, Merab Aici E rea oral COMES n. Ee Aaram aN Wiese! aul 
cerebral energy Feflure dus to inhibition oF bey rab= limin ng T C A =n ees. Pinsky, ammon aAa ME 
facet] brain take of Try ptophan, a substrate thet gerere + reuse bee meta beites Sach es 
Serbo nin. nk! on oi Sed anen onia cross sso tie mearan . 


Sno suo Oinas swmibheass DSS) qcehoice B} is a uresa coed: srme thet caetahnes the pee nukinmatbea sb 
In arginine bios ynhhasis—the AT Pde peenidertt lhgaateon oF crbulins bo Sspewterte to fonn 
arginosu zci mate, |=], ood parophosphab&. in humans, a dete ctin th 4A gene cares cirulinemia, 
a genetic disease chee cthe nite d by Sew ere wb splis and mental reetardsabon 


She DbESl rmm de CoG oS Spo oe ieee SSS OP DoS! cereal ne petoS e Cp pod. Eis found in ite tre: 
and phosphor Aa bed Ton, feos peste, Sn Sen Ss le Shore oT Seer Lad Por ALT 

ssn ssis Mam AOF. Creat ne is m&abolized to cre etin m= wia 2S On Smee sides) mon eTe C 
Prozess. Cresnnine is produced Sf a sbeady rabe and is Ste cte d ver. bth bar het or Fy noarm = 

Dh sical actin. Serum oreas mn ne Concerto iS Side Weed aS an indies of Peal mc anm. 


Le StS PRR CFP iS ane S orbs disaccharide. E is ought inhibit intestinal anwnon a 
Production by Several mechanisms. Lit conser by ooo bees imio lacia acid, awhich recu im 
the Gecresse o intestina lumen pH. This strmouleates comers on of MHA? to MHS ard facilites the 
transpr oF Mi, into the gut Le colos also acts as a cathartic. reducing Smmmomniagenic coliform 


Deb re ecu. Geiss oT ab SS ned Sed ra abura s, ACHR ese iS Son aras Used im thie 
Een SSeS net oF hepatic ermcephalopadts 


Sooo eee Ste ehle e Ej} reduces Serum S]Smmonis eves by Ince SsSing Sno SS esac redon in 

w ne. The mechanism i ne zhee s rea chon edith Ghecine: to form hi ppu site. The sub leaquernt renal 

ea meton oF hippurabe resubs inthe loss of ammonia. Por each moe of benre, thee H drey cacr ehes 
Troe OF cto Sri. 


Urea cycle is subjected to both short and long term 
regulation 

A combination of hyperammonemia, elevated blood 
glutamine, and decreased blood urea nitrogen (BUN) 
suggests a defect in the urea cycle. 

The deficiencies of the two mitochondrial enzymes in the 
urea cycle, carbamoyl phosphate synthetase and ornithine 
transcarbamoylase can be distinguished by an increase in 
orotic acid and uracil, which occurs in ornithine 
transcarbamoylase deficiency, but not in the deficiency of 
carbamoyl phosphate synthetase. 


Hyperammonemia can be treated with a low protein diet 
and administration of drugs that provide an alternative 
route for capturing and excreting excess nitrogen 
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SUGGESTED TEXTBOOKS D 


Lippincott's illustrated reviews in 
Biochemistry by P.C. Champe, R.A. Harvey 
and D.R. Ferrier 

Fundamentals of Clinical Chemistry (Tietz) 
"Textbook of Biochemistry with Clinical 
Correlations" by T.M. Devlin 

"Harper's Biochemistry" by R.K. Murray, 
D.K. Granner, P.A. Mayes and V.W. Rodwell 
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